were found in the study area. Butt rot incidence varied from 63 to 100 % depending on the stand age and raised up to 0.5-1.5 m above root collar on average or up to 9 m maximum. Root 
respectively, special relationships within such ecosystem. Vasilkov (1966 Vasilkov ( , 1971 ) noted a strong depletion of the fungal species diversity in the
Arctic. An extreme example of this depletion is the complete absence of basidiomycetes of the order Polyporales growing on wood in the subarctic tundra of Western Taymyr (or Taimyr) in northern Siberia (Russia), which was a region of the study presented in this paper. Although, host plants for basidiomycetes -birch and willow -are available there. A similar pattern was observed also by Linder (1947) for the flora of the Canadian Arctic.
It is noted that the disappearance of polypores is gradual from the south to the north (Vasilkov, 1966; Parmasto, 1967) . The psychrophilic ascomycete Sclerotia borealis has normal mycelial growth under frozen conditions, which is even faster than growth on unfrozen media at a supposedly optimal growth temperature. This fungus does not produce extracellular antifreeze proteins, but osmotic stress tolerance enables the fungus to grow at subzero temperatures (Hoshino et al., 2009) 
. For
Coprinopsis psychromorbida (former Coprinus psychromorbidus) and Typhula ishikariensis the optimal growth temperature is 5-10 °C (Smith, 1987) .
The evidence of cold adaptation of cryoconite isolates Phialophora alba, Rhodotorula sp.,
Cryptococcus gilvescens, and Articulospora tetracladia isolated from cryoconite holes of Svalbard in the Arctic can be seen from the fact that these isolates do not survive at temperatures above 20 °C (Singh and Singh, 2012) . For example,
Phoma herbarum isolated from the soils of
Truelove Lowland on Devon Island (75° N) grew better at 2.5° than at 5° C in laboratory culture (Widden and Parkinson, 1978) . (Robinson, 2002) . Thus, the cellulose decomposition started at -7 °C, and 20 % of the strains showed the optimal rate of decomposition at about 6 °C. At the same time,
pectin decomposition started at about 1 °C and reached the optimal rate at or slightly above 18 °C. The rate of growth of all tested strains of Geomyces pannorum extracted from ancient marine sediments and permafrost dated 100-120 thousand years since the end of the Arctic
Ocean recession was lower at 26 °C than at 4 °C (Gilichinsky et al., 2005) .
The psychrophilic properties corresponded
to the definition proposed by Deverall (1968) , according to which it is assumed that a psychrophilic organism must have the optimal growth at a temperature of about 10 °C and below. The author highlighted the importance for psychrophilic microorganisms not to be subjected to temperatures above 10 °C during selection, isolation and storage of samples. Otherwise, the loss of psychrophilic properties is expected.
However, this was not confirmed in the study of the growth of cultures of two psychrophilic strains of fungi G. pannorum isolated from an Arctic cryopeg lens (strain VKM FW-2241) and Central
European part of Russia (strain VKM F-3808),
respectively (Konova et al., 2009 Porodaedalea is a complex of morphologically similar species with still unresolved taxonomic problems (Ryvarden and Gilbertson, 1994; Fischer, 1996; Dai, 2010; Tomšovský et al., 2010; Brazee and Lindner, 2013; Tomšovský and Kout, 2013 (Brazee and Lindner, 2013) . They cause the greatest economic damage to Scots pine stands, mostly in old-growth forests (Ezhov and Konyushatov, 2001) , although serious damage was also observed in the 30-40-year-old forests (Sisto and Luisi, 1991) . Trunk rot damage due to Porodaedalea pini s.l. is commonly referred to as red ring rot, white pocket rot and red heart (Brazee and Lindner, 2013) . In some cases (e.g., in Narol forest district, Poland) damage caused by P. pini exceeded 70 % of 40-60-year-old Scots pine trees (Szewczyk et al., 2014) . In the old-growth forests of Larix kaempferi at the foothill of Mount Fuji 75 % of the study trees were affected by trunk rot. In 40.7 %, this was due to Porodaedalea chrysoloma (Ohsawa et al., 1996) .
Fungi that cause stem rot, such as Porodaedalea, play a fundamental role in forest ecosystems by accelerating stand development through gap formation, altering forest composition and successional pathways, creating coarse woody debris and wildlife habitat, and recycling organic matter (Hennon, 1995; Hansen and Goheen, 2000; Worrall et al., 2005; Brazee and Lindner, 2013) .
One of the main objectives of our study , and we also used these markers in our study.
Materials and methods

Study species
A larch woodland stand in the lower reaches of the Kheta River in Taymyr were present there, but the former one occurred frequently and repeatedly, and the latter one was very rare (Urbonas et al., 1986 ).
In the most comprehensive directory of fungi in the Russian Arctic (Karatygin et al., 1999 ) the order Hymenochaetales is presented 
Rosa acicularis.
Several pure cultures were isolated from sterilized surface of the P. niemelaei fruiting bodies using the moist-chamber method, followed by passages on solid medium (Bilai, 1982; Bukhalo, 1988) . Bacterial microflora was suppressed by adjusting the pH (4.5-5.0) and applying antibiotics (200 u of penicillin and 100 u of streptomycin per ml of medium).
1-3 % a softwood sawdust mixture was added in the culture medium to stimulate the mycelium
growth. Macromorphology was evaluated in
Petri dishes on a malt extract agar (MEA) at 6°, 12°, 22°, 26°, 30° ± 2° C during 25 days. The micromorphology was studied using intravital staining and a microchamber for microscopy in situ (Bilai, 1982; Singleton et al., 1993 ) with a microscope Olympus CX41 and a digital camera
Nikon D5100, and a scanning electron microscope TM-1000 with magnification of up to 10000-fold and resolution of 35 nm.
To assess the ability of the strains to degrade substrates before and after cultivation was studied using standard methods of timber chemistry (Riazanova et al., 2012) .
Genetic identification and molecular phylogenetic analysis
For genetic identification two nuclear genome regions in the ITS and nLSU gene regions were amplified and sequenced using (Kumar et al., 2016) . Alignment gaps were treated as missing data in all analyses.
For ML, the best-fit nucleotide substitution model was chosen using Akaike information criterion (AIC) values generated in JMODELTEST (Guindon and Gascuel, 2003; Posada, 2008) , In addition, the bootstrap consensus neighbor-joining (NJ) phylogenetic tree was generated based on the evolutionary distances that were computed using the maximum composite likelihood method (Tamura et al., 2004) and were in the units of the number of base substitutions per site. Confidence for internal branches for both ML and NJ trees was obtained through bootstrap analysis with 1000 replicates (Felsenstein, 1985) . Bootstrap support (BS) values >70 % were considered significant in this study. Onnia tomentosa was chosen as an outgroup based on previous studies (Wagner and Fischer, 2002; Tomšovský et al., 2010; Brazee and Lindner, 2013) .
Results and discussion
Pathogenic properties
The study site was chosen because of the large 1915 1925 1935 1945 1955 1965 1975 1985 1995 1915 1925 1935 1945 1955 1965 1975 1985 1995 Infection by the fungus occurs through the roots (Fig. 9B) . The fungus causes white In the final stage of decay cavities appear, and wood turns into brown, spongy mass, easily split into fibers (Fig. 9C) . Only a few external annual rings remain intact.
Fungal strains were obtained from a P. niemelaei fruiting body by accumulation in a moist chamber, followed by passages on agar medium. The strains formed colonies with characteristic morphological features on the MEA (Fig. 9D, E ): substrate hyphae (mycelium) of beige and brown color, close fitting to the surface of the agar medium; fluffy aerial mycelium, sometimes with a powdery coating, consisting of a welldeveloped direct short hyphae, separate hyphae intertwined in different directions; color white, then yellow, ocher to dark brown with distinct concentric zones; the peripheral part of the colony is less dense; undersurface dark brown; a faint mushroom smell. At 22 °C the average radial growth rate was 0.6 mm / day; at 12 °C the growth rate was no more than 0.1 mm / day; at 6 °C and 26 °C the growth stopped. On plant substrates, the strains formed well-developed colonies of white or yellowish color. When aging (Fig. 9H ), resembling chlamydospores, and intercalary hyphal thickening structures (Fig. 9I ). There were no clamp connections; the hyphae were capable of anastomosing.
In the submerged culture the hyphae was actively branching forming rounded ends; their cytoplasm was vacuolated.
Wood decomposing properties
The P. niemelaei strains were able to colonize used plant substrates (sawdust L. sibirica and P. tremula; vegetative part H. tuberosus): the radial growth rate at 22 °C was in the range of 0.93-0.99 mm per day and was higher than on MEA at 12 °C -0.31-0.52 mm per day (Fig. 10) .
The colonization rate was naturally decreasing when the temperature was reducing, but not much -it was almost the same growing on the plant substrates at 22 °C, and only slightly higher than at 12 °C in the media containing the larch sawdust. The chemical composition changes are presented in Table 1 . The greatest weight loss was observed for aspen wood and was more than 50 %, which was almost 3.5 times higher than that for the larch wood and almost two times higher than for the H. tuberosus bonds exhibit high resistance to fungal enzymes (Dalimova and Arhmedova, 2001 ).
Molecular phylogenetic analysis
The genetic analysis using four markers commonly used in the phylogenetic analysis of fungi clearly confirmed that this fungus belongs to Porodaedalea. With regards to the species, it is clearly different from the well-studied
Porodaedalea species, such as P. chrysoloma, P. pini, and P. cancriformans. This fungus is very close to the group of unclassified fungi isolated in Norway and Finland (Fig. 11, 12 ).
Conclusions
On the territory of the Siberian permafrost Brazee and Lindner (2013) together with the Porodaedalea niemelaei sample isolated in Taymyr, Russia, and Onnia tomentosa used as an outgroup species. First in the labels are given the species names, followed by the isolate IDs and geographic origin. The tree was inferred by using the ML method based on the General Time Reversible model (Nei and Kumar, 2000) . The bootstrap values are presented next to the branch nodes as the percentage of replicate trees in which the associated taxa clustered together in the bootstrap test with 1000 replicates (Felsenstein, 1985) . The initial tree(s) for the heuristic search were obtained automatically by applying the Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances estimated using the maximum composite likelihood (MCL) approach, and then selecting the topology with a superior log likelihood value. A discrete Gamma distribution was used to model evolutionary rate differences among sites (5 categories (+G, parameter = 0.739)). The rate variation model allowed for some sites to be evolutionarily invariable ([+I], 49.2% sites). All positions containing gaps and missing data were eliminated. There were a total of 2739 positions in the final dataset. The tree was generated using MEGA7 v. 7.0.18 (Kumar et al., 2016) Fig. 12. The bootstrap consensus Neighbor-Joining (NJ) phylogenetic tree of 41 Porodaedalea isolates published by Brazee and Lindner (2013) together with the Porodaedalea niemelaei sample isolated in Taymyr, Russia and Onnia tomentosa used as an outgroup species. First in the labels are given the species names, followed by the isolate IDs and geographic origin. The tree was inferred by using the Neighbor-Joining method (Saitou and Nei, 1987) . The bootstrap values are presented next to the branch nodes as the percentage of replicate trees in which the associated taxa clustered together in the bootstrap test with 1000 replicates (Felsenstein, 1985) . The evolutionary distances were computed using the maximum composite likelihood method (Tamura et al., 2004) and are in the units of the number of base substitutions per site. All positions containing gaps and missing data were eliminated. There were a total of 2739 positions in the final dataset. The tree was generated using MEGA7 v. 7.0.18 (Kumar et al., 2016) and preferring media consisting of mostly natural substrates. The biodegradation was the most active in the media containing aspen wood substrates with biomass loss of up to 50 %, accompanied by active degradation of the lignocellulosic complex components.
